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Description 




Field of the invention 

5 The invention describes the preparation ol alkali metal aluminosilicates, in particular crystalline aluminosilicates 

having the P-structure. These materials are of value as a component in detergent formulations in which they remove 
calcium and magnesium hardness ions by ion exchange. They also have other properties which provide additional 
benefits when used in detergent formulations. These aluminosilicates will be referred to as zeolite P in this description. 

10 Background of the invention 

While the utility of zeolite P in detergent formulations has been acknowledged, lor example in European Patent 
Application 0384070 (Unilever), they must be manufactured by a commercially effective process in order to become 
available on the market place. Thus, while the properties of a material may make it a uselul commercial commodity, 
*5 its manufacture has to be optimised for large scale production. 

The zeolite P class includes a series of synthetic zeolite phases which may be In cubic configuration (also termed 
B or PJ ortetragonal configuration (also termed P^ but is not limited to these forms. The structure and characteristics 
of the zeolite P class are given in "Zeolite Molecular Sieves' of Donald W Breck (published 1974 and 1984 by Robert 
E Krieger of Florida USA). The zeolite P class has the typical oxide formula: 

20 

JWgO. AI 2 O s . 1.80 - 5.00 SiO r SH 2 0 

The present invention provides a process for preparing crystalline P -zeolites having Si:AI ratios from 0.9 to 1 .33, 
25 which are particularly effective as detergent builders, preferably ratios of 1.15:1 and below and more preferably 1.07: 
1 and bebw. 

M is an n-valent cation which for this invention is an alkali-metal, that is lithium, potassium, sodium, caesium or 
rubidium with sodium and potassium being preferred and sodium being the cation normally used in commercial proc- 
esses. 

30 Thus sodium may be present as the major cation with another alkali metal present in a minor proportion to provide 
a specific benefit. 

The process of the present invention allows the production of P-zeolite with the above defined ratios at economic 
yield. During the formation of the crystalline zeolite the reacted medium passes through a gel stage. A preferred em- 
bodiment of the invention is the production of P-zeolitesatasilicon:aluminiummolarratioof 1.00*0. 05 from a synthesis 
35 gel with the same compositional ratio. 

This feature results in the desired product and a filtrate liquor containing essentially only sodium hydroxide. This 
liquor can be recirculated, after optional concentration, e.g. by evaporation, to the preparation of the initial reactant 
solutions. Another advantage of producing P-zeolites from a synthesis gel with the same silicon :aliminium ratio is that 
all the sodium silicate and the sodium aluminate are used thus optimising the consumption of the starting material. 
40 Moreover, for detergents applications there is a need for a product with high oil absorption. 

General description of the Invention 

It is a first object of the present invention to provide a process for the preparation of P zeolite having the oxide 
45 formula 0.j4^0 3 . (1 .80-2.66)S/G^y^O wherein y is the water content, 

I. a sodium aluminate solution at a temperature of at least 25°C is mixed with a sodium silicate solution and a 
temperature of at least 25°C in an adequately vigorously stirred vessel in the presence of an effective amount of 
a slurry of P zeolite seed to form a gel having the composition, 
50 AI 2 Oj (1.00-aj6)SIOj (12-7.S)NBfi: 

(25 to 450) (preferably 40 to 150) H 2 0 

ii. ageing the gel at a temperature above about 25°C with adequate vigorous stirring to maintain solids in suspension 
for a period of at least about 0.1 hours, and 

55 

III. separating the P zeolite product, washing and drying. 
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The product is wash rder to remove excess electrolytes such as ca 

The sources of the seed zeolite P Is not critical, although preferably It is added to the reactants as a previously 
prepared slurry. Aiternatively a crystallised slurry from a previous reaction may be used. Additionally the ratio ol the 
P-zeolite seed is not critical and a P-zeolite having a Si:AI ratio above 1.33 can be used. 
5 That is to say the seed crystalline form drives the reaction to the P-form and the product ratio is attained Irom the 

gel ratio of the reactants. The processes of the invention can be operated at the scale requi red for commercial activities. 

The ratios and concentrations of the aluminates and silicates used are not critical, but must be known to allow 
calculation of the gel and product compositions. The temperatures used will usually be well above the minimum tem- 
perature of 25*C and are preferably above about 60*0. The gel composition will preferably contain about 40 to 150 
io moles of water per mole alumina. 

The range of the silicon:aluminium ratio of the gel is wider than the corresponding ratio of the product since the 
silicon:aluminium ratio of the product is always between 2 and the corresponding ratio of the gel. 

The period for ageing the gel to form the product zeolite is dependent on composition and temperature and will 
preferably be complete in about 10 hours, although the process will more preferably be completed within 5 hours for 
is a commercial process. 

Since it is particularly advantageous to produce P-zeolites at a silicon:aluminium molar ratio of 1 .00±0.05 from a 
synthesis gel with the same compositional ratio, it is a second object of the present invention to provide a process for 
the preparation of P zeolite having the oxide formula l\%O.At 2 O< i .tf.90-2A0)SfO 2 .yH 2 O wherein y is the water content, 
comprising the steps of: 

20 

i. a sodium aluminate solution having a temperature of at least 60°C is mixed with a sodium silicate solution at a 
temperature of at least 60°C in a stirred vessel in the presence of an effective amount of a slurry of P zeolite seed 
to form a gel having the composition, 

Mpj (1.80-Z2)$iOj (1.S-5)Nap: (40 to 150) Hp 

25 

ii. ageing the gel at a temperature above about 60°C with stirring to maintain solids in suspension for a period of 
least about 0.1 hour, and 

iii. separating the P zeolite product, washing and drying. 

30 

The process described is a particularly favourable route for preparing P zeolites having improved properties for 
use as detergent builders. These P zeolites have effective binding capacities for calcium of above 150, preferably 
above 160 mg/g, good rate of calcium uptake i.e. below 25 seconds, preferably bebw 10 sees and effective oil ab- 
sorption i.e. at least 50g/1 OOg zeolite and in the range to 100g/100g zeolite. Their d^ was in the range of about 0.85 
35 to about 2.00 micron and was therefore particularly suitable as detergent builders. 

Standard procedures: 

In the characterisation of the zeolite-P materials prepared by the present process the following methods were used. 

40 

i. Particle size: The average particle size (microns) was measured by a Malvern Mastersizer (Trade Mark) obtain- 
able from Malvern Instruments, England and expressed as the d^, i.e. 50% by weight of the particles have a 
diameter smaller than the diameter quoted. The definitions c%o and dg 0 may also be used in association with the 
appropriate figure. Prior to measuring the particle size, the sample is dried as a thin layer (about 1 .5 mm) at 110°C 

4S for two hours in a fan oven. 

ii. Calcium uptake rate (CUR): The rate of removal of Ca++ bns from a wash liquor is an important characteristic 
of a detergency builder. The time, in seconds, is determined for a zeolite, at a concentration of 1 .48gdmr 3 and a 
temperature of 25°C, to reduce the calcium ion concentration in a 0.01 M sodium chloride solution from an initial 

50 value of 2 x 10" 3 M to 10~ S M. The zeolite was first equilibrated to constant weight over saturated sodium chloride 
solution and the water content measured. 

iii. Calcium effective binding capacity (CEBC): The CEBC was measured in the presence of a background elec- 
trolyte to provide a realistic indicator of calcium ion uptake in a wash liquor environment. A sample of each zeolite 

55 was first equilibrated to constant weight over saturated sodium chloride solution and the water content measured. 

Each equilibrated sample was dispersed in water (1cm 3 ) in an amount corresponding to 1 g dm" 3 (dry), and the 
resulting dispersion (1 cm 3 ) was injected into a stirred solution, consisting of 0.01 M NaCI solution (50 cm 3 ) and 
0.05M CaCl2 (3.923 cm 3 ), therefore producing a solution of total volume 54.923 cm 3 . This corresponded to a 
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concentration ot 200^^^aO per litre, i.e. just greater than the theoretic^^^cimum amount (197 mg) that can 
be taken up by a zeolite of Si:AI ratio 1 .00. The change in Ca 2+ ion concentration was measured by using a Ca 2+ 
ion selective electrode, the final reading being taken after 15 minutes. The temperature was maintained at 25°C 
throughout. The Ca 2+ ion concentration measu red was subtracted from the initial concentration, to give the effective 
£ calcium binding capacity of the zeolite sample as mg CaO/g zeolite. 

iv. Oil absorption: This was determined by the ASTM spatula rubout method (American of Test Material Standards 
D281). The test is based on the principle of mixing linseed oil with the particulate zeolite by rubbing with a spatula 
on a smooth surface until a stiff putty like paste is formed which will not break or separate when it is cut with the 
10 spatula. The weight of oil used is then put into the equation: 

. . a oil absorbed x1 00 

OH absorption (OA) = ^ oi zeo(ne (gms) 

1S = g oW\ 00 g zeolite 



In order to measure the oil absorption of the product, the washed filter cakes obtained after crystallisation were 
merely dried at room temperature as a thin layer of about 2mm until a solids content of at least 78% by weight was 
achieved, normally it was achieved in 2-3 days. 

20 

v. The form of the zeolite which was produced was established using standard XRD method. 
Specific description of the invention 
& Examples of processes of the invention will now be given to illustrate but not limit the invention. 
Seed preparation: 

A Sample of zeolite P was produced using the following procedure to be used as seed in the subsequent examples. 
30 1 420g of 2M sodium hydroxide solution and 445g of commercial sodium aluminate solution (concentration 20% Ata^O, 
20% A^Os) (N^QM^Pa = 1-64) were placed in a 5 litre baffled flask connected to a reflux condenser. 

The resultant solution was stirred and healed to 90*C. 450g of commercial sodium silicate solution 
((S/Oj 28.3%/13.8% AfefcO w/w) SiO^JN^O a 2:1) was diluted with 1100g of deionised water. The diluted silicate 
solution was heated to 75'C and added to the stirred aluminate caustic solution over 1 8 minutes. The resultant reaction 
35 mixture gel was allowed to react at 90°C with stirring for 5 hours. The product was filtered, washed and dried. 

Example 1 

Solutions A, B and C were prepared. 

40 

Solution A - 1000g of 2M sodium hydroxide solution. 

Solution B - 490 g of commercial sodium silicate solution as used in the seed preparation 300 g of 4M sodium 
hydroxide solution 20g of P zeolite seed slurried in 30g deionised water. 

45 

Solution C - 588g of commercial sodium aluminate solution as used in the seed preparation. 300g of 4M sodium 
hydroxide solution. 

Solution A was placed In a 5 litre round bottomed baffled flask with pitch blade turbine (500rpm) having a reflux 
50 condenser and heated to 90°C with vigorous stirring. Solution B and solution C were first preheated to 75°C and added 
simultaneously to solution A with solution B beginning 30 seconds before solution C, over 18 minutes and 37 minutes, 
respectively. The reaction gel mixture was allowed to react at 90°C with stirring for 5 hours. The product was filtered, 
washed and dried. 

55 Example 2 (comparative) 



The procedure of Example 1 was repeated with the omission of the P zeolite seed slurry. 
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Example 3 

The procedure of Example 1 was repealed using 3 2m 3 vessel with suitable increased quantities of reactants. The 
vessel had a diameter of 1 .1 3m and 2m height. The vessel had two stirrers. The bottom stirrer was aflat blade impeller 
5 and the middle stirrer was a pitch blade impeller (120 rpm with both stirrers on a single shalt). 

Example 4 

The procedure ot Example 1 was repeated using a 20m 3 vessel with a bottom flat bladed disc turbine stirrer (100 
10 rpm) with the following increased quantities of reactants. 

Solution A - 2,553 kg of 2M sodium hydroxide solution 

Solution B - 3,724 kg of sodium silicate solution (cone. SiO z 14.7%. Na^0 12.3%) 

15 

Solution C - 4,355 kg of sodium aluminate solution (cone. Nag0 16.11%. Al 2 0 3 10.7%) 
Solution D - 75 kg of P zeolite seed in 1 25 kg water. 
20 The procedure of Example 1 was followed with solution D being added with solution B over 18 minutes. 

Example 5 

Solutions A, B and C were prepared. 

25 

Solution A - 648g of 2M sodium hydroxide solution 

Solution B - 952g of commercial sodium silicate solution as used in the seed reaction 
so - 470g of 2M sodium hydroxide solution 

20 g of P zeolite seed slurried in 30g deionised water 
Solution C - 11 39.5g of commercial sodium aluminate (20% IS^O, 20% AI^O a ) 

35 

- 805g of 2M NaOH solution 

Solution A was placed in a 5 litre round bottomed baffled flask and heated to 90 B C with stirring using the turbine 
of Example 1 . Solution B and solution C were first preheated to 80°C and added, beginning simultaneously, to solution 
40 a over 20 minutes and 40 minutes respectively. The reaction gel was allowed to react at 90° C with stirring for 5 hours. 
The product was filtered, washed and dried. 

Example 6 (Comparative) 

4£ The procedure of example 5 was repeated with the omission of the P zeolite seed slurry. 
The properties of these zeolite products are given in Table I. 

Example 7 

so The procedure of Example 5 was repeated with the level of seed reduced by half (i.e. 10g of P zeolite, instead erf 
20g, was used in solution B). 

Example 8 

ss The procedure of Example 5 was repeated with 65g of the crystallised slurry obtained in Example 5 used as seed. 
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Example 9 

The procedure of Example 5 was repeated with 30g of the washed filter cake of Example 5 used as seed. 
5 Example 10 

The procedure of Example 5 was repeated with 15g of the dried filter cake of Example 5 used as seed. 
Examples 8, 9 and 10 prove that the origin ol the seed is of no importance. 

10 Example 11 

The procedure of Example 5 was repealed using a 20m 3 vessel with a proportional increase in quantities of reac- 
tants. 

*5 Example 12 

The procedure of Example 6 was repeated using a 20m 3 vessel with a proportional increase in quantities of reac- 
tants. 

20 Example 13 

The procedure of Example 9 was repealed using a 20m 3 vessel with a proportional increase in quantities of reac- 
tants. 

25 Example 14 

The procedure of Example 10 was repeated using a 20m 3 vessel with a proportional increase in quantities of 
reactants. 

Examples 4 and 11 to 14 prove that the process of the inventbn can be run at an industrial scale. That means that 
so even with a very sensitive gel composition, most favorable for the production of zeolite A, It is nevertheless completely 
possible, with the process according to the present invention, to produce zeolite P at an industrial scale In a vessel of 
20m 3 

Another advantage of the present inventbn is therefore to enable the productbn of zeolite P using gel compositions 
and factory installations normally used for the productbn of zeolite A. 

35 

Example 15 

The procedure of Example 5 was repeated with the reaction mixture (after reaching the crystallisation temperature 
of 90*0) allowed to react for 

40 

a- 30 minutes 
f> 60 minutes 
c- 180 minutes 

45 Example 15 proves that crystallisation time is not a critical parameter if kept above 0.1 hour. 
Example 16 

The procedure ol Example 5 was repeated with the temperature of the reactant components as well as the crys- 
50 tallisatbn temperature reduced to 60°C. 

Zeolite P was produced together with a small amount of zeolite A proving that, for the most sensitive gel composition 
wherein the silbon:aluminium ratio is equal to 1, a temperature of about 60*0 is actually the minimum for producing 
zeolite P In order to have a pure P zeolite product, without any zeolite A, a crystallisation temperature of at least 80°C 
has been found necessary 1or such a gel composition and, in order to minimize the crystallisation time, the temperature 
55 has to be preferably above 85°C. 




EP0 565 364 B1 



Example 17 




The procedure of example 11 was first repeated. 

Alter the completion ol crystallisation, filtration and washing of product, the resultant mother liquor and wash water 
solution was collected. 

Part of the collected dilute mother liquor solution, which is essentialy a dilute alkaline solution containing 8.7% 
Na20, was concentrated by evaporation up to 21 % NagO and used to dissolve aluminium trihydrate. The concentrated 
sodium aluminate thus produced was diluted with some of the dilute mother liquor to give a sodium aluminate solution 
with the same concentration as that of solution C given In Example 5. 

Part of the remaining dilute mother liquor was also used to dilute concentrated commercial sodium silicate solution 
to produce a sodium silicate solution having the same concentration as that of solution B given in Example 5. 

The rest of the remaining dilute mother liquor played the same role as that of solution A given in Example 5. 

The procedure of Example 11 was repeated using the solutions (A, B and C) prepared with the recycled mother 
liquor. 

A product was obtained having the same characteristics as those of the product disclosed in Example 11 proving 
that it is completely possible to recycle the mother liquor. 

Finally when comparing the oil absorption of the zeolites obtained according to the process of the present invention 
with the oil absorption of the comparative Examples or the oil absorption of the seed, It is immediately obvious that the 
oil absorption of a zeolite obtained according to the present invention is significantly higher. 
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Claims 

1. A process for the preparation of P zeolite having the oxide formula h^O.A^O^. (1 .80-2.66)S/O^.yH^O wherein y 
is the water content, comprising the steps of: 

55 

i. a sodium aluminate solution having a temperature of at least 25°C is mixed with a sodium silicate solution 
at a temperature of at least 25°C in a stirred vessel in the presence of a slurry of P zeolite seed to form a gel 
having the composition, 



AlsOg: (1.00-3.S) ^m(1.2-7.5)Na 2 0: 
(25 to 450) (preterSBly 40 to 150) HjO 

ii. ageing the gel at a temperature above about 25*C with stirring to maintain solids in suspension for a period 
5 of at least about 0.1 hour, and 

iii. separating the P zeolite product, washing and drying. 

2. A process according to claim 1 for the preparation of P zeolite having the oxide formula h/^O.A^p^. (1 .90-2.10) 
10 SiOz.yHzO wherein y is the water content, comprising the steps of: 

i. a sodium aluminate solution having a temperature ot at least 60°C is mixed with a sodium silicate solution 
at a temperature of at least 60°C in a stirred vessel in the presence of a slurry of P zeolite seed to form a gel 
having the composition, 

is Alzpj (1.B0-2.2)SiO^ (1.5-5)Na 2 0: (40 to 150) H 2 0 

ii. ageing the gel at a temperature above about 60*0 with stirring to maintain solids in suspension for a period 
of least about 0.1 hour, and 

20 Hi. separating the P zeolite product, washing and drying. 

3. A process according to claim 2 wherein the resulting dilute mother liquor obtained after separating and washing 
the P zeolite product is collected: 

2S i) a first part of it being concentrated and used to dissolve aluminium trihydrate to produce concentrated sodium 

aluminate, 
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30 



ii) the obtained concentrated sodium aluminate being diluted with a second part of the dilute mother liquor 
giving a sodium aluminate solution, 

iii) a third part of the dilute mother liquor being used to dilute a sodium silicate solution, 

iv) the resulting sodium aluminate solution being then mixed with the sodium silicate solution in a stirred vessel 
containing the remaining part of the dilute mother liquor in the presence of a slurry of P zeolite seed to form 
a gel having the composition, 

Alp : f(1.eO-2JZ)SiOj (1.S-5)Na 2 0: (40 to ISO) H 2 C 
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1. Verfahren zur Herstellung von P-Zeolith mit der Oxidformel 



M^O-A^Og. (1,80-2,66)SiO 2 .yH 2 O 
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worin y der Wassergehalt ist, mit den Stufen 



i. eine Natriumaluminatlosung mit einer Temperatur von wenigstens 25°C wird mit einer Natriumsilicatldsung 
bei einer Temperatur von wenigstens 25*C in einem RuhrgefaG in Qegenwart einer Aufschlammung von P- 

50 Zeolith-lmpfmaterial vermischt, um ein Gel zu bilden, das die Zusammensetzung aufweist, 

AI 2 O a : (1 ,00-3,5) Si0 2 : (1 ,2-7,5) NagO : 
(25 bis 450) (vorzugsweise 40 bis 150) H 2 0 

ii. Altern des Qels bel einer Temperatur oberhalb von etwa 25°C unter Ruhren, um Feststoffe in Suspension 
ss zu halten, fur einen Zeitraum von wenigstens etwa 0,1 Stunde, und 



Hi. Abtrennen des P-Zeoiith-Produkts, Waschen und Trocknen. 
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2. Verfahren nach Ans] 




1 zur Herstellung von P-Zeolith mit der Oxidf< 



M^ n O.AI 2 0 3 . (1,90-2,10)SiO 2 .yH 2 O, 



worin y der Wassergehalt 1st, mil den Stulen: 

i. eine Natriumaluminatlosung mit einer Temperatur von wenigstens 60°C wird mit einer Natriumsilicallosung 
bei einer Temperatur von wenigstens 60°C in einem RfihrgefaB in Gegenwart einer Aufschlammung von P- 
Zeolith-lmpfmaterial vermischt, urn ein Gel zu bilden, das die Zusammensetzung aufweist 

Al 2 0 3 : (1,80-2,2) Si0 2 : (1,5-5,5) NagO: (40 bis 150) H 2 0 

ii. Altern des Gels bei einer Temperatur oberhalb etwa 60*0 unter Ruhren, urn Feststoffe in Suspension zu 
halten, fur einen Zeitraum von wenigstens etwa 0,1 Stunde, und 

Hi. Abtrennen des P-Zeolith-Produkts, Waschen und Trocknen. 

3. Verlahren nach Anspruch 2, bei dem die erhaltene verdunnte Mutterlauge, die nach dem Abtrennen und Waschen 
des P-Zeolith-Produkts erhalten wird, gesammelt wird, wobei: 

i) ein erster Teil davon konzentriert wird und dazu verwendet wird, Aluminiumtrihydrat aufzuldsen, urn kon- 
zentriertes Natriumaluminat herzustellen, 

ii) das erhaltene konzantrierte Natriumaluminat mit einem zweiten Teil der verdQnnten Mutterlauge verdunnt 
wird, was eine Natriumaluminatlosung ergibt, 

iii) ein drltter Tell der verdQnnten Mutterlauge dazu verwendet wird, eine Natriumsilicatldsung zu verdOnnen, 

iv) die erhaltene Natriumaluminatlosung danach mit der Natriumsilicallosung in einem RGhrgelaB vermischt 
wird, das den restlichen Teil der verdQnnten Mutterlauge enth&lt, undzwar in Gegenwart einer Aufschlammung 
von P-Zeolrth-lmpfmaterial, um ein Gel zu bilden, das die Zusammensetzung aufweist 

AI 2 O a : (1,80-2,2) SD 2 : (1,5-5,5) NagO:^ bis 150) H 2 0. 



Revindications 

1. Proc6d6 de preparation de zeolite P ayant la formule d'oxyde AI2O3. (1 ,80 - 2,66) SiO^yHgO dans laquelie y 
est la teneur en eau, comprenant les e tapes consistant : 

i. & meianger une solution cfaluminate de sodium k une temperature d'au moins 25 B C & une solution de silicate 
de sodium a une temperature d'au moins 25°C dans un recipient agile vigoureusement de maniere adequate 
en presence dune quantite etflcace d'une suspension de semence de zeolite P pour former un gel ayant la 
composition 

AI 2 O a :(1 ,00-3,5) SiO^O ,2-7,5) NagO:^ * 450) (de preference 40 & 150) H a O, 

ii. k faire vieillir la gel a une temperature superieure a environ 25°C sous agitation vigoureuse adequate pour 
maintenir les solides en suspension pendant une periods d'au moins 0,1 heure, et 

iii. & separer la zeolite P produite, k la laver et k la secher. 

2. Procede selon la revendication 1 pour la preparation de zeolite P ayant la formule d'oxyde 

M2.AI 2 0 3 . (1,90 - 2,10) SiO^yh^O dans laquelie y est la teneur en eau, le procede comprenant les etapes 
consistant : 

i. k meianger une solution cfaluminate de sodium ayant une temperature d'au moins 60°C k une solution de 
silicate de sodium k une temperature dau moins 60°C dans un recipient aglte en presence d'une quantite 
efficace d'une suspension de semence de zeolite P pour former un gel de composition 

AI 2 O a :(1 ,80-2,2) SIO^ (1,5-5) Na2<D:(40 & 150) H 2 0 

ii. k faire vieillir le gel k une temperature superieure & environ 60°C tout en Cagitant afin de maintenir les solides 
en suspension pendant une periode d'au moins 0,1 heure, et 
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iii. a separer a ze^^ > produite, a la laver et a la secher. 



3. Precede salon la revendication 2, dans lequel la liqueur mere diluee obtenue apres separation el lavage de la " 

zeolite P obtenue est recuelllie : e C 

I. une premiere partie de cede liqueur mdre est concentre et utilisSe pour dissoudre de f aluminium trihydjate • y 
afin de produire de I'aluminate de sodium concentre, x i • 

ii. I'aluminate de sodium concentre obtenu est dilue avec une deuxieme partie de la liqueur m&re diluee pour 
donner une solution d'aluminate de sodium, 
10 iii. une troisi&me partie de la liqueur mere non diluee est utilises pour diluer une solution de silicate de sodium, 

iv. la solution d'aluminate de sodium obtenue est meiangSe a la solution de silicate de sodium dans un recipient 
contenant la partie restante de la liqueur mere dilute en presence d'une suspension d'une semence de zeolite 
P pour former un gel ayant la composition 
Al 2 0 3 :(1 ,80-2,2) Si0 2 :(1,5-5) NagO:^ a 150) H 2 0. 
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